b * m m ft if 

JAPAN PATENT OFFICE 



gu & ft <r> m *i t: ie m £ ft x v > h m js a t is o m m tii:ie«$ n t 

v » & 3f jg fc El — -c* * & c: t ^lEBfl-r^o 

This is to certify that the annexed is a true copy of the following application as filed 
with this Office. 

J B .f 0 2 0 0 3 ^ 7^250 

Date of Application: 



m 2003-2 7 9955 



m K # # 

Application Number: 

[ST. 10/C] : [JP2003-2 7 9955] 



tt5 II A 

Applicant(s): 



Commissioner, 
Japan Patent Office 




miE## tfcllE# 2003-306675 7 





#il 2003-279955 




^- v : 


IfltlJ 


fkfc- =V fSa 














f +b i_Lf nl 

Item tj j 








r ^ r" ] 










oa it on /oo 

HU1L 29/zb 








rA7ri/io7 /oo 














L 1± P/T X ( 3. P/T J 






v _ — $^;^f±|*) 




,1. pp TXT f-fr 




















„ , , J-/1- U. A _L I , I , 


f pel VI 








r a-i. ^ v lu rgg A 1 










AAAAAO 1 O IT 






LJ^^Xv^^tTJ 








L1X££ AJ 










1 AAAOO r 7CO 

1000oz:/o2 














f OIV T7 /-I- V ^/r 1 


fc^ffl it SO 








Uo-oyoU-Uooy 














[plftBU W^TJ 


1 AA 1 OA/ 1 /f A 

1001Z0o40 




























[miff] 


#iR2002-265924 








¥$14^ 9^110 
















043812 








21.000R 
























wmw i 








m® i 








mm i 








0201252 







miE#2 003-306675 



#SI 2003-279955 ^- V \ 1/ 



[If *JS 1 1 

z t zmmt-Tzfr^mj-o 

[»*JS2] 

±8EE&£#£& i tiB&eTti*^^** <b via $ iiZ> z t t IS*Jl 1 IE«c<7> 

[tmm 5 ] 

tfx&z>i><nx&z>z t i&mt -tzm *JR4 $m<r>^m^o 

itmm 7 ] 
im&m s i 

im'&i*fr=?-ztzimui> l < [trnm^^xm^ntzmr^^i-m^wx^^ z t £ 

SlfpffiU «fc &X * -y * > 7 r > • T • 7 - ^x^j £ tz li^rti h (D^m&ltet} K <£ o 
[fj!f;}cJS 1 0 ] 

[W**l 1] 

®.m±&znb<D&&$jz&^xs.^*! l z#¥i : fx$>2>z nz x ±ummmmttznm 
mi-vtem&mmMizm'rt-fzz t ^wwct-r^m^m 1 o umvfti-mi-o 
m^m 1 2 ] 

[W*JH1 3] 



ffiBEJjf 2 003-3066757 



m M 2 0 0 3 - 2 7 9 9 5 5 ^- v : 2/ 



[mxm 1 4 ] 

±IEffi^^T-(i 5tT- i tz i± 5f Mltf*^ «b & 19 > ±IS5f T^T" £ fit>& i" & ±fEfr T- i 
[Ii*Jl 1 5 ] 

m*m 1 6 ] 
m*m i 7 ] 
[w^js i s] 

[IS^JM 1 9 ] 

Lx^fi^Azui^mi-t u ^z\-Q<r)itmmzx n mmtrnt tzitm&T-z xti-tz z 

[S»*JS2 0] 

umm2 i ] 

mmvtm * tz itm&^tm z mmm izmn $ $iiMt£ * w-r £ 

[fit*JM2 2 ] 
[»*^2 3 ] 

z t ^fi:t^-t>tt? 0 
[If *H 2 4 ] 

[IS*3S2 5] 

[»**2 6] 

[IS*JM2 7] 

[»*«2 8] 

< t i> 2 -o&±<Dfr+z tz\tft=t-®.m.w*mfiL¥:mt Lxm-tz z t zmmt-rz 
m^2 9] 

aifiE# 2003-3066757 



mm 2003-279955 



^-v: 3/E 



[|f*Jl3 0] 
[Ift^jJ|3 1 ] 

mmy-m t tz itmm=p<nfm £ mmw izmi s satrap £ t>--e- o*r;,f # 1* * 

»1-*1Sfil«:*ri-*x>f -y -^SH^flUS^**: L Tift & 
[W*Jg3 3 ] 

mn&M t tz umm^tem z mmw u $ SE«£«ii6*5 x v t *<r>&mft& £ m 



2003-3066757 



&m 2 0 0 3 - 2 7 9 9 5 5 ^- V \ 1/ 

[»«&] wmm 

[ftw^zm ft^-mi-. ft=t-®.m*. mttmi-. mr^m, *>*i-mj-, xiv+m? 

[0 0 0 1 ] 

zn^wuftj-m 1 ?-, frj-mmtt; mumi-, -t>-4-fH\ xjv+m*. 

[0 0 0 2 ] 

^"T-^T-^T- (Molecular Electronic Devices) ZMfc^^ t L T-j£^&f!f!2 £ 
r-vs-f x ^fiH-r^^T-i b * h n^i? Xfi:, 1 9 7 4 ^coA.Aviram, M. A. Ratner h (- i 

— ot lt^O ±tf fbnrv^o 

[##ff:£$£ 1 ] A.Aviram and M. A. Ratner, Chemical Physics Letter, vol. 29, 277(1 
974) 

UMfitiCffi. 2 ] Y. Wada, M. Tsukada, M. Fuj ihira, K. Mat sushi ge, T. Ogawa, M. Haga, and 
S.Tanaka, Japanese Journal of Applied Physics, vol . 39, p. 3835 (2000) 

[0 0 0 3 ] 

L tz 5fl- S frT * 4 -j -f- , & & v > (± i£M^ifc^5tT- U £ £ & WW ft 

£ (##I«tiiU) o 

[^#^K3] #PfflM> Ujffl?*3l\ f£M?t, Sffl^S, vol. 70, p. 1396(2001) 
[0 0 0 4 ] 

-->3>, Vol. 14 No. 5 p. 59 (2001) 

[##It^Cfflt5] K. Ogawa and Y. Kobuke, Angewandte Chemie International Edition 
, Vol. 39, p. 4070(2000) 

[ 0 0 0 5 ] 

fttfiv^ilfl 06 nmJtOt'jn' (5, 1 5 - v'T "J -;HR&Z n (II) 

V 0 ^ ^7^')^ ^JS^f^fiJ*. -ft £ l£ *) ?I L J&1£ t Lttt'SSQ^ J; LK^ ft 

<boMil^^^^^$ftTv^ 0 #i^«3 nfi, ^ ? f/'j -f y&mmfc* 

$ifrct4.f^7^ 0 > 2i#^P3^$ftTv^ 0 tra4 tztt, ^ 5 f/'J 

[# ITOft 1 ] #H 2001-213945 
[#ra2] # P 2001-253883 
[*lrXltt3] #3**3 2 5 6 7 4 2 -^*ffl# 
[#fr^4 ] i}# ^3 2001-213883 
[ 0 0 0 6 ] 

*#iMtiR6 ten, 5-T-ra^>j.^^^-^»7ju o kT3&eK-c**c t7»«*#$nr 

[!£# I^lSCSfc 6 ] I. V.Rubtsov, Y. Kobuke, H.Miyaj i , K. Yoshihara"Energy Transfer in 

tiitiE# 2003-3 0 66757 



&m 2003-279955 ^- V \ 2/ 

a porphyr in chelete assembly'Xhemical Physics Letters vol.308, 323 
(1999) 

? - 7> 7 F <URL : mswebs. aist-nara. ac. jp/LABs/kobuke/index-j . htm 
1 > 
[ 0 0 0 7 ] 

[##I^3t$£8] Imahori et al . "Photoact ive three dimensional mono 1 avers :Porp 

hyrin-Alka nthiolate-stabi 1 ized gold cluster" ( imahori-jacs2001. pdf) 

'[3M#ira$9] «tt«-, r^T-*r#mrtiiOM^j il^xh, 2001^ 

7^-^-, p. 4 1 

[0 0 0 8 ] 

mm^cm 1 0 u<±, *^is^-m+°^-7 -r >w«^s*j:m^? h *co 

V>TSSHti>5o Ag 1 IzUMZtlZ 5 , 15->'7'JJ^7^J/ (4> 

>L^JSt UZn &mir2>) Omeso-meso-# y 7°U > ?*KCi>£ffiv>& 0 

[^#ff-£$U 0] N.Aratani,A.Osuka,Y.H.Kim,D.H. Jeong, D. Kim"Extremely Long, D 
iscrete meso-meso-Coupled Porphyrin Arrays"Angewandte Chemie Intern 

ational Edi t ion, 39, No. 8, p. 1458(2000) 

[0 0 0 9 ] 

) U N I - £ i'JTEK o v » x £ ixr v» -5 o ItiT-t-l^^ «t cm* £ 
ate^-cof^K * i! €LTv^ 0 

IRvfcltt 1 1] N.Ohta.Y. Iwaki.T. Ito, I. Yamazaki , A. Osuka'Thotoinduced Charg 
e Transfer along a meso, meso-L inked Porphyrin Array"Journal of Phys 

ical Chemistry , B. Vol . 103, p. 11242(1999) 

[0010] 

[i^ff^JtSK 1 2] A. Tsuda, H. Furuta, and A. Osuka" Completely Fused Diporphyrins 
and Triporp hyr in"Angewandte Chemie, Internat ional Edi t ion, 39, No. 14 

, p. 2549 (2000) 

[IPflrtf 1 3] 5fflBBA rmTt i^^^-WilftW<0$«:I5j www.jst. 
go. jp/pr/ann ounce/20000301/bessi3/kadai2. html 

[0011] 

4] LUTfD^ \-#fr-7 4 >Hct^7t^T>^+*-^j , vol. 

21, No. 7, p. 406(1983) 

[0012] 

^JRHfrjtiRl 5 Kli, 1 3#t;#-55^^^^0lxft<t^-/^Uov^r®|^^^)!9, 1 
3 > fcf i - * <0 tit t£ t- o v >T JBlftri* * & o 

l 5] t&mfn^ • ffl*-f£« [^tyfvny-j , fb^HA, i 

9 9 2^ 
[0013] 

*#fiFi:iR 1 6 IKi, *'*7^ U >£*ffcWtt7>*##K^&fe&£:h.TV>*o 

[##It^C^l 6] A.K.Burrell,D.L.0ff icer, P. G. PI ieger, and D. C. W. Reid, "Synthe 
tic Routs to Mul t i porphyr in Arrays'Xhemical Review, 101, p. 2751 (2001) 

[0014] 

2003-3066757 



#SS 2003-279955 



^-vl 3/ 



[##Sf->CiSn 7] Tetrahedron, Vol. 50, No. 39, p. 11427(1994) 
[0015] 

wmticmi 8tii±, *^7y u>wtffi7'7Xt>iei:riLTiijS$ftTv^ 0 

[^taTtil; 1 8] A. Ishida and T. Maj ima"Surface Plasmon Exitation of Porphyr 
in self-asse mbly monolayers on an Au surface"Nanotechnologv 10, p. 3 

08(1999) 
[0016] 

##It->CiSU 9i:ii, #)V7 < 'J >Wkfo<r>im*&mL. * - Xt) t L 

x m «r» * 7f & $ n -rv o 

[i^ffr^CiiU 9] R.W.Wagner and J.S.Lindsey"A Mol ecular Photonic Wire"J.Am. 
Chem. Soc. 1994, 116, 9759-9760 

[0 0 17] 

[*#H s 5:iK2 0 ] 14^5^20 Bf**] , *IS±^OWffl^itfft}f 0 

~ 7,<7) ^v <URL : http://www. jst.go. jp/erato/project/ysu P/syn/i 
ndex.html > 

mmttU 2 l ] [3pj£ 14^5^ 2 0 0 , jftt&* h - ? * <Ojgjp a p a ? n y 

, < U R L : ht tp://www.hpk.co. jp/jpn/products/SYS/C8600J. htm> 
[0018] 

2 tc (± . tf)V7 i ] ) >frb<r>mjtlt 6 0 0 ± 2 0 n mfUgW&gf&S fc 

[iflrti2 2] Y.Kobuke and H. Miyaj i , Journal of American Chemical Society 
116, p. 4111 (1994) 

[0019] 

L (Electroluminescence)^T-) £ £ ^fH^ ? h u — ? X (D^ifi, ^?-xl/? F 

[ 0 0 2 0 ] 

fflt, ttx-v* va-?x<DmmWf&fe£m&itz^&ztzmmirz>i><Dx$>2> 0 

)\/*c-^m (Energy Transfer), Eft&^fflS^flU (Exciton Coupling) £ «fc g ei&tStfl; 
(Self Assembly) K^fB L, CI ft <b fcfltSWKIR ») Atl& Z t CJ: I? , Qt%:<D V ? 
bn^? X£mx-tz, i- ; Xjr- )V<dj^U ? h v - ? xtDmfcte^k^llJ&Zi^-f & i> <D 

[0 0 2 1 ] 

<*«4*fa*»^sai-j:*fl' : 3 i * : p, ^auiflt, ftat*^, mtjj-m, -tyy-m* 

&) %> o 

[0 0 2 2 ] 

mtE# 2003-3066757 



&m 2003-279955 ^- V \ 4/ 

[ 0 0 2 3 ] 
[ 0 0 2 4 ] 

mmamt tzam&^ii . m^ztv&frbmm&^-x.z z t \z «fcoT^j£*sv»t±i££ 

[ 0 0 2 5 ] 

iz£^xmmm&'t2>zttfx£z>t>\ itzit, mm-r^ / 7tT-ifzu / ^m.mit^h<DW] 

mzr.^)l,3?-<7>&m% tlZ X oTEbie*K£ g .£ffM-t& C fc 75 s "C £ & & <7>t?£> -S 0 _hl£cOji; 
%Hmm'&Mfr?-itzli, ->7-/^feiWl^ (Aggregate) Uft3c£ ft 4 «t d fcffiit 

[0 0 2 6] 

ib^^^, ^lMSftii:j:^x?7 + >7 (Stacking) „ 

7r> • t*T • (van der Waal s) # ± (i-eft ^ (D^m^^t) iZ X o X^M^ £ 

mt&itzlHt^tfitz&&Lr\,*&4?ti: < <h <> 2om±<7)^t/i(±5tT-ffi^|5|±^-€-n 
[ 0 0 2 7] 

mtiE# 2003-3066757 



mm 2 0 0 3 - 2 7 9 9 5 5 ^- V : 5/ 

i/j{±^a«tfr, ftizGtikttttziimieiittm.mi* (it, ^^T-^ts^i-^^T- 
«ftHti±, -jz-sui&cr, KjBffioBB.stu j: 19 m&tfmt-tz> i> <n atfc&vsifrj- 

fc^) » fcf->?n [2. 2. 2] T (fcfv?n [2. 2. 2] ^^■ij->4rf) & t* 

£fzi± / 7fi L m.mt-t(n%i^fa<nmiPim&t'£^z-&z nzx 19, i^^MSw^ 

[0 0 2 8] 
[ 0 0 2 9 ] 

®&mm £ tz li®j^T-o#K) £ ^ttfaft) ! " jiff $ * £ £ * 

[ 0 0 3 0] 

©tg^Ss t tz i±m&=f-<r>&m z mmw iz mn $ -£ £ &%8 m^-t & 
z\ t *mm.t-tz,mn.m = s-x$>z> 0 

[ 0 0 3 1 ] 

mmm z tz itmm^nm * mmm u st ?t § * * 

[ 0 0 3 2 ] 
[ 0 0 3 3 ] 

^Ot/tfTli, -ftWCli, < 2^&±(D5j-^-£tztt5t=f-®.m.fc$:mfcm 

mmnti&L. z<nu- >mmm*m-t zumzj * >tfttmLx^2>-t)^fr\z± ^xm. 

aE^tt^SSfti" ^>Ct£fiJfflLT^i->-tr>->>^£tf-9o 
[ 0 0 3 4 ] 

6 oi§0^ii, 

ffi!E#2 003-3066757 



mn 2 0 0 3 - 2 7 9 9 5 5 ^- V \ 6/ 

mmtm t tz umnj-n&m * mmm \z mn £ •& & &%i$fig£ x vt^mr^®. £ m 

[ 0 0 3 5 ] 

C^X'f 7ff?li, — teffjufj, < t i 2 olUW^ i 
If Utft^o UMatJUJi, z.tib<r>fr=f-i tz&ft=f-ftm.fc<r>$?iz < it lo^t 
> ©Mftffi L, c <r> 4 * > MMnt & Z> U\lL C^t/ tfftm L T v > & i o r 

gijE#14ri f £ffc-*- £ -1 t Srfijffl L T x ^ y -f- > $r «rff ^ o 
[ 0 0 3 6 ] 

7 os&Wfi, 

[ 0 0 3 7 ] 

-o[Uj^^T-i±> ®^(7)ffliiUfflv^ z ^"TOT-^ "9 » ^<r>mMt tzlt^ixizfttz-t 
[ 0 0 3 8 ] 

[ 0 0 3 9 ] 

mnmm t tz umm^^mt * mmtmzmn $ « mtmngte x £ m 

[0 0 4 0] 

mmam t tz itm^^m * mmm izmn £ « x y-e <nwx$fte. £ *o 

[ 0 0 4 1 ] 

co $ 6 <D^m tz mm txm^ tzzt tf&iL-t z> „ 

[ 0 0 4 2 ] 

t tz umm?-<r>&m * mmw k «ff s * * f§ * c: t # -c # * «, 

[l&B^O^m] 
[0 0 4 3 ] 

mi]E# 2003-3066757 



mm 2 0 0 3 - 2 7 9 9 5 5 ^- v ! 7/ 

^Z^LjZ-fZZ t &X § & o 
[ 0 0 4 4 ] 

1 1 A, HI B&J: <7EI 1 C(±Cco^0^<^^ l (Dmtkfm^^Fir o ^<r>m I cnmiMf^B 
tz £ v » x ti , 2 o o M i (ij&aUfctoSH 1 i (i # i=-*ltt#a*s: v Mi i£ ft u|£ & L T t » 

[ 0 0 4 5 ] 

EI l A & «t era l Bi:f jifn^ti n tc, K^i^tiM^o^T-i^ii^a^ 
l 1 WKWHit LTSit^lS] (Ell A) «t t^pfir^rlfi] (EI IB) oiS^Rg^- ^ > 

h i ojA±om^-a^{c«t orfluasnsaeT- 1 2 (wfci${iM2rinj*^i- 

[ 0 0 4 6 ] 

^-T-^fr 1 1 <v-g : m^-ttLrmw.j]fiii~iMmLfzm&i L i 2 (ha) o^^a.^ ;u 

[ 0 0 4 7 ] 

sib) <D^&m^*fr*~-miiL<Dm&i~i±, m&j-i 2 t± x £epa, b t(±it^-|p]c^ 

[0 0 4 8 ] 

o xMfrti2> i><nx&>z>o 

[ 0 0 4 9 ] 

@2Ali, ^ < 7-/'J ;kf ;l,7 < V > 2lfr^^t (*#W\S:flU ) 0 

V*££>f 3 /'/U <r 'J > 2*#:t±, S2 BC^ti -? fctl*t ft 

-e^-f) KJ:oTi£|ft##TiBift#fc^j£i-s (*f^tf 5) 0 

[0 0 5 0] 

jo J: tra 2 DC^t) C:o-9*>, 53^S«U¥ff^fS]H^ffi L tz i> <D (EI 2D 

[0 0 5 1 ] 

EI3 A(±^< v^-g-^it^M^ 5 W) )Vtf)V7 { 'J > 3*f$^^1- 0 v*g^g[ 
j^S-f ^ /'/'J i > 3fM^.tt4 c. t Ci 0 , m 3 B UtjvT <£ n ic, £ 

EI l C u^i-SSlE^^fll^i-* c <hri ? -c# *o %m.1kUtiL<n\£)\>7*4 > 

y-?u y ? t LTli, El 3 Ci:*t> v^HHM-f 5 W) )Vtf)V7 < 'J > 3*#*>& 
VM±H2 At-^i"^ v|g£"f 5 ^'/U fl'*A'7'f 'J > 2if^ffl^5;H s T"U^ EI 
3 BUisv^Tlim^o^ Vig£->f = jryij ;kf)W^ 'J > 2 ifc£fflv^iaj7$ ? 7F$ tiTv^ 
o 

[0 0 5 2 ] 

-r «; >&®m-m^zfflft**(Dfcmm3zii&<ftt>tix^2> m^rxm 

dtimE#2 003-3066757 



mm 2003-279955 



^- v : 8/ 



1^4, $m^m4 ~~ 2 2 ) o 

iztiit $iirv»S* f , -<7)3Ci£ofl4 (p.414)0>j|S— «7C*fi (E (P/P- ) ) is J: ^ 
IU1 1 (p.4l2)£#Kf1-4i:, H 2 *>J*£J: •) <>'h£i:E (P/P" ) L T 

[ 0 0 5 3 ] 

aSSE^oag^flljS £ fr^J-w L T l± % #N#t£»; l 6 OSchemel?, Schemel 

9,Scheme2lS:fflv»So tfU, g**^W5H&£ B&Ufi, Scheme210 5tT 5 3 ^ 

<b 5 4 fcffM-t&SfcUI^L-C, 53" 5 3 filfCfc < > 3 [14 lijjrffr 

^t^-^o @4i:j3^t, BPli, 7>;*i (&*E*>J: ofc K-*--14<> L < lir* 
[0 0 5 4 ] 

(±, 115 C^-TSSU J; l)^iSt4:tjl'-Cl4 (##It3C§£ 1 7) 0 SfcK, 

:O^S«)*»RlD (2*flc®j£) (Modify) L> i6C^W?:0. 5fg#D;l 

TJRlc. £ C i {;: «fc »K S3 A U^-f iiWo/^ vfg^^fi^M -T 5 ff y* >j ;u *° 
^7 <r 'J > '3 4: fcri*T?&4 0 g|5 C:.fctt&e&£J±C7 Hi5"C*4-£'S(i 

[ 0 0 5 5 ] 

(@7) o 

a i , Xb i, Ya (1, 2, 3, ••, n, • • , N) , Yb (1, 2, 3 

, • • , n, • • , N) , Za (1, 2, 3, • • , n, • • , N ) , Zb (1, 2, 3 

, • •, n, • • , N) t L"€(± N WTW Kt-tt, <> L < (iT * -ty* -14B&££* 

[0 0 5 6] 

-NR 2 , RliC t H t O L < l±iif«iftl (y;u*;u^ 

-CN (y7/|) , N0 2 (-hnS) , S 0 3 H £^1"£ 0 
[0 0 5 7] 

i^Co^t^t^ (18) o 

M#I*X a i , Xb i, Ya (1, 2, 3, • • , n, •-, N) , Yb ( 1 , 2, 3 
. * * , n, ••, N), Za (1, 2, 3, • ■ , n, • • , N) , Zb ( 1 , 2, 3 
. • - •, n, • • • , N) t LTIi, flT»Ft-tt, R<ii7^t7'^-ttiM 

[0 0 5 8] 

Kf-tiM^#^f-:7'J 

-NR 2 , RliCtHtOt-CfMJix^, i> L < liiSig^Og&g (7)^;H 
, 7)^^->I) 

-cn (yryi) , NO2 (-hni) , so 3 h (x;u*^) ^^ri--& 

[0 0 5 9] 

ttitiEff 2003-3066757 



#il 2 0 0 3 - 2 7 9 9 5 5 ^- v : 9/ 

i#£-Uoi>Tf£W1-£ (19) „ 

EJ&^X ai, Xb i, Ya (1, 2, 3, ••, n, • • , N) , Yb (1, 2, 3 

. • • , n, • • , N), Z a ( 1 , 2, 3, ••, n, ••, N) , Zb (1, 2, 3 

, • •, n, • • , N ) t LTt±, WTO L < (± T ? -tr 7°? -1±fi&££ W 

[ 0 0 6 01 

K i- - aiiMfj ^ I 'J ^ n 
-NR 2 , RliCtHtOtT-M^iil., L < (ittfjM^m&g (T^^;u^ 

-CN (->7yi) , NO? (-Fnl) , S0 3 H 
[ 0 0 6 1 ] 

§ ho 

l^SHt-J^lKAu, Ag, P t 1 3 o— 

Sti-o i 3 ofliiTjoM^MXo xa i 4 <o$4®t^#£-t±-c.fc < „ 5tT- 

i fcti fl-^ifiiHM* l l nsLftiMZm&mZM l 1 l^to 
[ 0 0 6 2 ] 

'J >0$S7 , 7Xt/iecnt^iSW*^ (#tfMl 8) o 

[ 0 0 6 3 ] 

afeflt&ifcllE&i&F-oA^fti LTIi, ±fS<7>*MX9 X^e >igo^WC, 
il^&^T-fLil^^^'-^Jf (boron-dipyrromethene) "C £ tz (ifl-^ffl 

ttttl K 150 x. (if *° 'J / £U£ffc<7)3fciS £ L , *-"e<*>jteBbfe£A# Ltfflv> 

[0 0 6 4 ] 

-^^f^-y>7S (f«x.(S\ ##^i2 0, 2 1) £ffiv>T, d <7)#— £bfcfe*7&» 

X&& £#x. htiho *°^7^J>j4^0f^i:ov^|j:, ^ti^M2 2C 6 0 0 + 2 

fltfg;#£3H L #Lji (LUMO) *^-fZ>5f^-X$>&>&mtf$>&t^z_bti2>o &it 
[0 0 6 5] 

zmi 2&£vmi 3 c^to ::t% mi 2t±, sv^citx-t-^ 2-z><n>w.m. ztz\.±m.&. 
te*Aztvtzk£<D*ix-?ti<7>tttfzi±fr?-mMi*i i mm^jm<D mm ^rn-To ttz 
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[0 0 6 6 ] 

o 

[ 0 0 6 7 ] 

®.m*i 1 ofimujpfLTiafe^i 2^ ? sii:^(S]^fiiiLT^^^7ic¥^[fi]^fsfiiLrv^ 

[0 0 6 8 ] 

itvMi*tt-c#4o ^ws^tm (E (t) ^ffiif^it ^jt^/N^^ 

[mi] 

'H' = -d-E(£) (1) 

V * A 

[12] 

d 

[13] 

r 

[14] 

d = (-e)f (2) 

ecu (- e ) (iiTwift^^o -feu, jrssh k> 1 j > ^(Dmm~m-tz>m 

[15] 

d ifc =<j|d|A:> (3) 
[16] 

<i|W|A>=d,- fc -B(t) (4) 
[0 0 6 9 ] 
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[0 0 7 0 ] 
[17] 

— ...,s N >=\si> ■\sj> •■■\s N > (5) 

s j fi-H-^T h j tw^g^SL, t # gj , E&ietfcSSw t # e j fc* 

[18] 

l*o>=|ffi,.-.,fli,..-,^> (6) 

[19] 

|tt v > (i/=l,...,iV) 

[iio] 

I**' >= Yl C » J) \9ug-2,..., 9j- u ej, 9j+u...,g N > ( 7) 

in 1 1 

|#i , 92, ■ ■ ■ , 9j-i , ej, g j+ i, ...,g N > 
[112] 

[113] 
[114] 

H\*„>=E„\V l ,> (8) 
[115] 

E v 

It 

[116] 
[117] 

-2) o 
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[Si 8] 

< 9i i • • • i </j , • • • , 9n \H\g\ , ■ ■ ■ , 9j , • - • , 9n > = 0 

<pj , . . . , ej, . . . ,g N \H\gi, . . . , e k , . . . ,g N > = S jik E g + (1 - Sj^V^iej, gj ; g h , e k ) 

j.k = l N 

(9) 

iii 9] 

[12 o] 
[12 1 1 

V (-i.^^O^j^pld.^ ^ j 

(10) 

(±!§m^-c&&o n , r j ii-*M hi, j r i j = r i - r j -e 

cb -5) o 

[ 0 0 7 1 ] 

mm 

[122] 
[12 3] 

l*M> 

[12 4] 
d fll/ = <* M |d|^ > 

= £ E • • E E E ■•• E (ii) 



<*k\s u s 2 ,...,s n > d£J, </ 1 ,/ 25 ...,s' iV |^ > 
[12 5] 



d (7V) , 

[12 6] 

d % ••■ 5 *i-..^_, d * J -.*;-^>+i.*; +1 •••<W,*' Jtf ( 12 ) 

[ 0 0 7 2 ] 
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[ 0 0 7 3 ] 

fe±<r>tztb* r, = (ja, 0, 0) t%Z£nizmtoEL&.&t& 0 Z<DZtX-— fett 

-»M h j o;IfJ:?xfeT-£ 

[»2 7] 

d ey 0,0) 

tt^o ^O*^, ?t (10) 5t (9) tiJlft^I^M^-tgSlf^fflii, ^<7)J;tI: 

[St 2 8] 

^(ci.Pi! 9k, e k ) = -2V d (j, k) (13) 

- -13, v d ( j , k) (i, 
[&2 9] 

^•"-sfc (I4) 

[ 0 0 7 4 ] 
[ft 3 0] 

>= Tyj (l e i^2 > +\gie 2 > ) , |* 2 >= -L (|e l!72 > -\ 9i e 2 > ) (15) 
[»3 1 ] 

E 2 = E g +2V d (l,2) { } 

^gmwi^ai^-^h^ (id n L^^oTtt^-r^o mht, 1^0 > 

[&3 2] 

+ |eip 2 > d CliSl <5iff 2 | + |5ie 2 > d e2iS:! < £7i0 2 |) |* 0 > 
= 7^(< e i52|+ <0ie 2 |)(d ei)yi |(; 1 #2> +d e2l92 \9292 > ) <9i92\ 9 i92> 

= 7f ( de »'» i +de 2,</ 2 ) 

= (>/2d,0,0) 

(17) 
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[t33] 
doo - d n - d 22 = (0,0,0) 

d 0 i = (d ao )* = (>/2d*,0,0) 

d 20 = d 02 = (0, 0,0) 

d 2 i = d 12 = (0,0,0) 

[ 0 0 7 5] 

, -tettSr^o - fcfc < , dj = (0, d, 0) (j =1, • • , N ) fcfclt&o ^ (9 
[85:3 4] 

^ /<frf (e, , ft <7*, e fc ) = + V rf (j, k) ( 19) 

v d <±^ (14) ^Dfi^o N=2<ot§, ^lij* (15) <?>m&ft.1&*W*>* 

# * ^iJ!)j|B^ * ;v ^- is «t zrmmxmT-a , fc & *> xh & » 

[ft 3 5] 
^i=^+^(r a ,r 2 ) 



doo = d n = d 22 = (0,0,0) 

d 10 = (0, y/2d,0), doi = (0, V2rf%0) 

d 20 = d 02 = (0,0,0) 

d 21 = d 12 = (0,0,0) 

o 

[ 0 0 7 6 ] 
[ft 3 6] 

P = fA'E (22) 

z-^frif-Z a. MitJffti a (= x , y, z) tLttl, * li'^'C-^-x.ibti&o 
[ft3 7] 

x(w)= J_f> r + teP i (23) 
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[S38] 
[S3 9] 

ft So 

[ 0 0 7 7 1 

*f - It -ffl»--> 7 h L (Ull 4) % tto^|6]USia^ii^>K.ffi^4-BEeL/c^ 

tit ^S1±^ib®^^Oi^;i,^-[±^jL^^^-fPJJti -> -7 M--S ([Hi 5) o 
lUWi^C, :<0| 1 <7>^ff^L g .i;J:ftl4\ fi65fcfZ*v»W«ir«|f^atc^< , EtJ 

[ 0 0 7 8 ] 

:<7)|2 <7)^|f&f^(-^v^T(±, $ 1 W^Ufc^SUCfc S^vM^ffl^T^ * >-fc >+)- 
[HI 6 A(±» 1 0^*fef^<7)[113 B fcFICia-C****, iwSBK^Oft^teUffiS 

**>k&mt LT^t^^s^c «t 19 , B&fe^oftDts&^scfk-rso Ell 6 

A U/F"t" ; KS?> U jo v> T (i > ^ vIS^IHH' 5 rv*'J )V#jvy 4 >) > 3 JHfcff>tp*3BO 
4 'J >Jt# ? Z n fc^Lv^JSi: Lrft4* { , 1 1 6 B U^i"J: o (I/- vlS^ifilt 

^(d\<&<dz turn i co^Jfeff^^t|B]#-e^so-c\ ia^^fB&t§ 0 
COft2 O^ff^U «fcft<4\ fi63RU4rv»3Pf«iar»f^au*cf< J * >-t >*rmT-$: 
m%L-f2>ZttfX~£Z>o 
[ 0 0 7 9 1 

«t L-cttswta *) m^^^n^^it-r^ z t zmm Lt^t>-t^ti 

fUfflLT, 4*>iZXZ&fcMmti s '<$&1tx4 -y+m^ZmitLlrZo i" 01 6A 

^•7 -r U >gtrt ? Z n $r*<k£JR £ LtttSji*, H 1 6 BCitJ: -9 ^ v£g£-#MM 
-f 5 yyj -f y zm.fc<r>^9k1&<r>#)\,y 4 'J ym.^Z n &*'i>£JRfc LTt$ 

^7-f 'J >Sj!^<7)Z n 2 + ojiiAi9 %MW~t& Z HzX 19, SbieT-o£slt$&*£iM»i-&c: 

-tcoj&(Dz turn 1 <F>m.wttmtmwtx*$>&<Dx^ mn^^-t^o 

-t&zt ifi-Q # & o 
[0 0 8 01 

EI 1 7 (4COf&^<7)ft4 <omifeftm$:7ji-fo Z<nm4 (D^MMmi-te^'Xlt, 3ocDj£ 
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mm <n ft=t- 1 tz i± mmt^m & l -c v ® & u ± i; & ga^g: i - o ^ r -r £ 0 

[ 0 0 8 1 ] 

1 2<7)W, ¥tf^"fo]CfIfeL^{Ef)*eT- 1 2 «t 19 ^^^^^^-mfS<7)lir-&C(i, ^tp 
AO J; -7 Hfliti LT1££\£U A o*: EfjigT- 1 2(±, :££P B £> J; O^ep C O X n izfrfrti Z> 

mmvm<&z>o i> L^epB^ftjojiy^pcMt-o^-c, frj-ttzim 

j-m&fci 1 <nmfc^m<nmfe-\KW.z fzam&wm c^^ii^-mitL^^-t^^x^n 
(±\ EdfeT-i 2^^tnB^i^t^enc^j[fi]<h (2 5riKi-^>?ii^i±^L^o cti:±, ^pa^ 

ft^frT-i tzlifr^m.m* 1 lrt>ib, 3 oco53-T-i7t:(±5tT-M# 1 1 <7>^£P B 7j [p];jo <£ 

o^ep c ^[^] 01^ z&fzms, * <n'it^%\t. \z a 1 1 £ « ekj u *t#.ti £ w-r 

Z> fz*bXhh 0 
[ 0 0 8 2 ] 

— H18C^tJ:Ti:, & L , 5t^- i fclifr^iftfStffc 1 1 WSH U*t L TM:>7 
<7>f#£-U, ^eRAco^[p]H#t!lLT^^.6;t;Ao7t:®!j^T-l 2(i, :££P B £ i 0<^PC <7> 

fi£*f$(±i:v>U^L < &v> 0 Cftli, ^fPA^[p]05tT-S ^ii^ffilW 1 lrt^b, 3 
ow^fltli^tMl 1 O^^PB^f&jioJi^tpc^l^o^^^fS^m^lt^, -5- 

o is smz ii&if&m m stj u **t#tt £ ^-t & a6 -c & ^ 0 

[ 0 0 8 3 ] 

Hi 9 v^^mmm^ ^ /'/'J ;w*°;vy >j y 4 m{$£^1- 0 y*S£-#i£ 

i-«t o H3oco^f6]H^^^^@Eji|±^-(;j: o TitmK5H L a*gH*£BJ&-t & - ttfXZ 
, 01 7i£(±iai 8 u^-t^?;f m = F- 7 tmf&-f& z ttf-e& ho W6$m®.<n\ifi,7' 4 y 
7-7'u y ? t lt> [13 ct-TFi-^ y^^-MlK ^ yv*u ^#^7 -r y 3S#&av» 

Z t tfX £ £ o 
[ 0 0 8 4 ] 

z<Dm$ n^Mfm i~ & x (i , ^4 (Dmmmm k «t * ^^^t- ^^x^^y^y^- 
m?zmm.-tz>m&i^\,*xmm'tz>o 

m 1 9 ^^i-ttsE^^S^fflj&uffiSi-*^ v«S^*ifi[*a>f a rv*o ;u^;u-7 >f v 

^mfxMwmt-tho -t%t>*>. mi 9 izTji-ftfimizjs^xa, * v^simmimj < 

, z\<o ^ y tt^^ittiBia 'f 5 ^* y* 'J ^ *° ^7^j>4 if^co ^^gpco # ;w y ^ g > ?l7& ? z 

n^^tit LTt^i^t, zfth(Dz.^<Dmmmx-iim&^<vmfc$))W:tfm%z> 0 
z. (Dmmzm ^x j * > -t > vmi&zmm.'t z> z. t &v & s 0 
fofw^tiii 1 <nmm%mtmffix"$>z><nx', um* 

[0 0 8 5] 
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£ ft J£ i" 4 ifr ( I o V » X m. W -f h o 

RtUttJ ^StW: =fc ») B&e^OJSEaEajJft^ffci- £ C i: Srfijffi L T * * > -t: ✓ 
T-£3kfR-tZ> c j^f l § £ c t Z&^tztiK z<r>&6<n$kMfZl&J-&*'*~ci*, z<nWM$: 
fUfflLT, Y + >C «t*Siji£»J'rtl75 f nI^^x^ y-^^T-^t»fi£ 1"^o -Tit)*), 019C 

1 'J > 4 if$<7)ff *2P<7>*° ;i< 7 -f U >5j}^z n £f 4>£JEfc Ltf^i^t, :iibOI 
n 2 + WtbA 19 *«liW1-4 C <h ti i i9 . ©fi^fiffia&*£W»1-.&£fcri*-C#, :nUJ; 

*<nm<r>zt am 1 (nmmmtmMx-&&<nx\ mwzgm-tZo 
i- * c: 1 7& ? -e # -2) o 

[ 0 0 8 6 ] 
[ 0 0 8 7] 

[0 0 8 8] 

@2 l (± ^ vg^fi^H' 5 W) )itf)vy i >) > 5M^to v 
,020 H ^i-ftSfc*?- £ m&L-t Z>Zt &X # -6 o MftSBti: <75 tf ^ -r < > -7- xn y 9 t 

-r^ vis^'f < ^y; )v^°^y i »; ^2t^^iv^ c t t5 ? -c § ^> c t ;±, $ 1 commM 
z<Dm<r>z turn i o^sm^kj: ra»-c*-&o-c, mmz^m-tZo 

Z t &X # & o 
[0 0 8 9] 

z<7>m8 (ommwm u *s ^ r (± , ^7 <n%jsmm i~iz>mnm=f-*m^xury*iyy- 

^* V* 'J ^ *° ^7^ 'J > 5 i#:<7) ttJ^Spo ^ ;b7^'J> ^7i ? Z n ff'C^JR t LT^tl, 
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^-wftii^^ t(±^ i <Dmi& : ftmtmx&z><nx\ mmz^^-rzo 

[0 0 9 0 ] 

z<D^m^m 9 ^^@u:^^Tra-f & 0 
£ « -r s *t & i o v » t ife m -t & o 

^^nm-th z t&x& z> z t z&^tztf. z<r>m9 (DmMMWjzio^^xii. z<w$m* 
mmLx, 4 * >mx z>mn.mm-h^ifck^ -f y +% i ?-*mf&-t2>o @2 1 u 

0 X>f y ^-mife$:'&Z> Z ttfX& ho 

■t&zt &x* § * o 

[ 0 0 9 1 ] 

fife*), C<7)H 1 0 <7>^Si-Jii5V^T(4, H 2 2 A^Tp-r «t n UKit^^i 
(455-T-M^frl 1 m±*W.&&&-t2> < , 132 2 BC^ti o CBSStiS'T- i 

fcfifrT-fflffcffcl 1 mi-1&ffi%=?- 1 6 £!f A Lt|S^t4 - t U 4 •) , -I WiStft^T- 1 6 

2 2 A jo J: Zf\M 2 2 B U-Jsv^T, 5H=-£ tzltfr=f-1BU&fc 1 1 UiEIRSn^^BlJijl^Slft 
T-^-y< > h fc^i" (J-^TO[212 4 A& £X?m2 4 B tz is v>T |W]fi) 0 ffi^^T- 1 6 t 

[ 0 0 9 2 ] 

tfiljti^ 1 6 <r>mM<a»=?-itzltfr=?-mm{* l l rawKHS^^ft^j: 19 , ©tiT-^ii 

ifLtLxftm-tZo tfz, mB^-mm^^mmm^- y > b i>mtirz>tzsb, mm 

02 3 1:, JSStST-Ujgt/t*^ 1 6«rffALfc*it0^f*:««r^-t-o COffi|t?(±, fiEsfE 
^T-*«)55c:-t-^5ti L S^l45t^-a^l ULT* , ^7{'J >5tT-^fflv^ te^T- 1 6 

[0 0 9 3 ] 

^oTH^-t^55-i L i/ci45tT-ia^i i r^coii^MT-ffia^ffli4i5][:^§ $-c-*>^»<7) 
w^i^ti^aafeflsi i mnm&zmtz+t&zttfx-z, ^nciotieM 

OffM> f>^T(4i))^#f!j<7)$iJ^75 ? plBgi:^^o 
[0 0 9 4 ] 
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t- i ^ ti h i - mri^T- £ n ^ -t & m % i - o ^ r i£ 9j -t ^ 0 

WAtfjfewro.ttt; X !9 ^f^i^^ti-^iJco^T-i ^(±5fT-*Mf$, ^U^It^T i tz 
li^mfr^mm^m^hix&o tit, mm?£co0.s#[i X 0 , EI2 4 Ai:^t J: n ufr 

+- t tz <± ^ t-mh* 1 1 a x i/t&ta^ 1 6 7m*£-tK u bse l r ^ & ^ m 2 4 b 

^Jfitft^T- 1 6 t J t<r>W,i%i t z&<£LtzfrT-Z tz\$frl-m.m* 1 1 t <D^^\p]lzMLxm 

i\ ffl & o fc^sg ( - a c t -e, ttissf^ 1 6 co m $ 5tT- i ?t (i fr^-aja^ 1 1 m w nu rs 

[0 0 9 5 ] 

h 7 >XC05L#:M14fa7& ? &&T V*^>^>£fflV>TV>& 0 ZCOit£-, 12 4 

Z co T v*^ > -tf >co J; Ti:->x-(-7 > xls^^jgci-S^^^-r^^T-^fflv^ft^d 
(i, &&?lco}f7F^ (^^;u^-U>v\ >f-H"fin-, JH/7 K4-t") will:, 

[0 0 9 6 ] 

tf^xmm-fzft^itzttfi'T-m.fflLtt-i 1 wojs»3isTffis^ffljiisii:^^s-c*sw 

o 

[ 0 0 9 7 ] 

«x.if, ±.m<n%mm^&^xmrtzmu. ws.. tx 
tmzm^-r. £^i:£i:t, c^tji&^iMg, «it, mn. Kfozt-zm^ 
x i> x ^ 0 

[0 0 9 8 ] 

[m i ] z<7)&w<7>m i o^is^ag.»zj:4SE»3(f^*^-t-i««iH-c*-6o 
<Dvfa$imx~$>& 0 

[@3] z<Dftw<om i (wmmmmiz x. & wM.m^<D^wm*n&m*m.m-ir &tz*b 

<F>y&T&.mx$)Z> 0 

im 4 ] z(D%w<vmi <nnm%m \~xz mtmj-^Mri^m &m&m &isLm-r&tz*> 
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<7)i&*IIllTab-So 

[Hll] z<7)&m<nmi (r>mm%mAz£Z&ffi%¥<nxtiMl-<n-MZUW-tZtz 

[ii 2 ] z<D%m<7>m i <r>%y^mszxhmtM^z-D^x^^tz^ \ a u - -> 3 

[Ell 41 *0^(C^ff*»^«T«:E*L^^^^^^^-ilsaigS:^i-|ftj» 

m-c-ab&o 

[mi 6] z<D%w<^m2<D^mmiz£&j*>^>^mi L <nMftzmw-tz>fzt6 

[mi 7i ;^(7)i4<7)iiifii:j:^iirLii 1 ^^t«iiT^^„ 
[mi si .i<7)fP£<ofM <D%m^mz «fc*iE**^&^i-«&*iiia-c*£o 

[mi 91 iWf&WO*4O^*^UJ:*K«*Tw^fl«Jifll3i0ll«:gJ£W-*-Sfe 
i60ffl&^mt:*^o 

[121] :^wi7 ommifmiz x^mmm^-^^m^^m^M^um-r^tz 
[122] ^co^cotiii oo^f^t-i^^t^T-^i^-t-^^^^ffl&^m-e* 

-5) o 

[m2 3i cofi^^^i o o^^ff^j^i ^^v;t ^T-^^r#e-j^fi5t0ij^^-t-B&^ 
m^^^o 

[124] ^o^cotn i i ^mi&Mmizx&mfcm^znm^&tzfrcD^mmxfr 

Z> o 

im2 5i z.<n%tm<nm i i omM^WAz x&mtLmi'<n^m^*mim\*^-]r^%k 

[f^oKWl 
[ 0 0 9 9 ] 

1 l -5tT-^^(±5tT-a^#^ l 2-ib4£ : f-, 13 1 
1 5—t1£, 1 6— JStftft?- 
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[116] 
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